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Early life stress has a major influence on one’s health through the life course. During 
childhood, early experience may not only affect the normal brain development, but also 
influence the susceptibility to mental and physical disorders. A cancer diagnosis in a parent 
may cause substantial distress in the children, who may have to confront and adapt to short- 
and long-term changes in their lives and subsequently experience a higher risk of physical 
and psychosocial problems. Therefore, the first aim of this thesis was to examine whether 
parental cancer is associated with physical and mental health problems in the affected 
children using data from the Swedish national registers. Further, to explore the potential 
mechanism determining the impact of stress on children’ health, we focused on the brain 
development in childhood and investigated the association between stress biomarkers and 
brain morphology, using data from a Dutch population-based cohort. 
In Study I, we assessed the association between parental cancer and risk of injury in a large 
representative sample of Swedish children. We found that parental cancer was associated 
with a higher risk of hospital contacts for injury, particularly during the first year after the 
cancer diagnosis and when the parent experienced a psychiatric illness after the cancer 
diagnosis. The risk increment reduced during the second and third years and became null 
afterwards. 
Given the observed higher risk of adverse physical health in terms of injury, we further 
investigated the influence of parental cancer on adverse mental health in terms of psychiatric 
disorders among children. In Study II, we constructed a matched cohort, and separately 
examined the associations between parental cancer diagnosed during pregnancy or after birth 
and clinical diagnoses of psychiatric disorders or use of prescribed psychiatric medications. 
Paternal but not maternal cancer during pregnancy appeared to be associated with a higher 
risk of psychiatric disorders, primary among girls. Parental cancer after birth conferred a 
higher risk of clinical diagnoses of psychiatric disorders, particularly stress reaction and 
adjustment disorders. The affected children also experienced a higher risk of use of 
prescribed psychiatric medications, particularly anxiolytics. The latter associations were most 
pronounced for parental cancer with poor expected survival and for parental death after 
cancer diagnosis. 
In Study III, we focused on other domains of mental and physical health affected by parental 
cancer. We examined the associations of parental cancer with intellectual performance, stress 
resilience, and physical fitness among boys that underwent the compulsory military 
conscription examination during early adulthood. We observed positive associations of 
parental cancer with low stress resilience and low physical fitness, with stronger associations 
noted for parental cancer with poor expected survival and for a loss of parent through death 
after cancer diagnosis. No overall association was observed between parental cancer and 
intellectual performance, but the parental cancer with poor expected survival or resulting in a 
death of the parent was associated with a higher risk of low intellectual performance. 
The hypothalamic-pituitary-adrenal (HPA) axis is one of the most extensively studied stress 
systems. Detection of glucocorticoids in hair has emerged as an approach to measuring HPA 
activity retrospectively. In Study IV, we assessed the associations of hair cortisol and 
cortisone concentrations with brain morphology in a population-based sample of young 
children in Rotterdam, the Netherlands. The regions of interest analyses showed that hair 
cortisol and cortisone concentrations were positively associated with cortical surface area in 
the parietal lobe. However, an inverse association was found between hair cortisol or 
cortisone concentration and hippocampal volume in children with behavioral problems. The 
vertex-wise analyses with correction for multiple testing did, however, not show any 
association of hair cortisol or cortisone concentration with cortical thickness, cortical surface 
area or gyrification. 
In conclusion, parental cancer, a potent early life stressful event, is associated with a higher 
risk of physical and mental health outcomes, including injuries, psychiatric disorders, low 
intellectual performance, low stress resilience, and low physical fitness. Although we did not 
find clear associations of hair cortisol and cortisone concentrations with brain morphology in 
typically developing children, children that are evidently exposed to psychological stress 
should be provided adequate support and care to prevent from stress-related health outcomes.  
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1 INTRODUCTION 
Psychological stress occurs when one appraises an environmental demand as challenging or 
threatening to cope with (1). Stressful life events have been used as a measure to quantify 
psychological stress and demonstrated to have significant impact on one’s mental and 
physical health. Children are particularly vulnerable because of their immaturity and lack of 
autonomy and capacity to cope with psychological stress on their own.  
A cancer diagnosis in a parent is often thought to essentially guarantee adverse outcomes 
over the course of the disease in the family. Compared to the relative abundance of research 
on cancer patients and their partners (2-6), less attention was devoted to assess the impact of 
parental cancer on children’s well-being. The current knowledge about the consequence of 
parental cancer consists primarily of increased risks of emotional or behavioral problems (7, 
8). Only a few studies addressed somatic health outcomes among these children (9-13). Many 
studies used a cross-sectional design, had small sample sizes, or used narrative data or 
different questionnaires as the outcome measurements, leading to potential bias, low 
statistical power and contradicting results. So far there have only been several studies 
evaluating the consequence of parental cancer in Sweden (14-17). Their findings showed that 
children that experienced a parent with cancer (e.g., lung cancer and esophageal cancer) or 
loss of parent with cancer exhibited a higher risk of distress, insomnia, fatigue, and self-
injury. However, the general, short- and long-term health outcomes among the children with 
parental cancer remain largely unknown.  
This thesis takes advantage of different epidemiological study designs to enrich the 
understanding of the association between psychological stress and children’s well-being, by 
investigating the consequences of parental cancer on the physical and mental health of 
children.  To explore the potential mechanism of stress-induced changes in the developing 
brain, this thesis also analyzes the brain structure in relation to stress biomarker levels in 
hairs among young children.
 2 
2 BACKGROUND 
2.1 PSYCHOLOGICAL STRESS AND CHILDREN’S HEALTH 
In daily life, humans are often confronted with challenges and demands. When the adaption 
or coping is of great difficulty or cannot be achieved, psychological stress arises. One can 
experience psychological stress from daily hassles (e.g. academic demands, financial 
considerations, and relationship problem) to stressful life events (e.g., divorce or separation, 
loss of a family member, and serious illness).  
Compared with adults, children are in a critical period of physical growth and 
neurological development. The stressful life events may therefore yield short- and long-term 
negative impact disturbing the normal development, and elevate the susceptibility to the 
development of mental and somatic disorders (18). 
Previous research has provided evidence for the consequence of exposure to early stressful 
life events, including parental divorce, physical and sexual abuse, bereavement as well as life-
threatening situations such as wars (19-24). These experiences have led to increased risks of 
cognitive (e.g., impaired academic achievement), psychosocial (e.g., low self-esteem and 
social competence), psychiatric (e.g., depression, anxiety, alcohol/drug abuse, suicide 
attempt), and physical problems (e.g., ulcers and headache/migraine). Living with a parent 
with serious illness, such as cancer, has become more likely to occur during childhood, 
potentially as the result of early diagnosis due to screening programs and the increased 
parental age at first childbirth. The cancer diagnosis may pose an extraordinary challenge 
because children are not only confronted with altered family life situation and parental 
supervision, but also the threat of losing a parent and being diagnosed with cancer themselves 
(8, 25). So far no much research has been done on the impact of parental cancer on children’s 
short- and long-term well-being on a population level.  
The adverse impact of stress can be experienced by human beings even before birth. It has 
been demonstrated that maternal exposure to stress during pregnancy has short- and long-
term effects on the developmental outcome of the fetus/child (26). Compared to stress after 
birth, prenatal exposure to stress has been associated with impaired fetal development and 
pathological birth outcomes, which may further contribute to the susceptibility to 
neurodevelopmental and neuropsychiatric disorders later in life (27).  
 
2.2 PARENTAL CANCER 
2.2.1 Prevalence of parental cancer 
Data about the number of children with parental cancer or number of cancer patients with 
children are limited on population levels. According to a national health survey between 2000 
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and 2007 in the United States, 14% of adult cancer patients lived with minor children (28).  
The authors noted that these numbers might be an underestimation of the true affected 
population as children that did not live in the same household as their parents had not been 
taken into account. In Norway, approximately 4% of children younger than 25 years of age 
have experienced a parental cancer diagnosis, corresponding to a population prevalence of 
1.4% (29). In Finland, around 6.6% of children at the age of 0-21 years have a parent 
suffering from cancer (30). The prevalence of children affected by parental cancer in Sweden 
has not been reported. According to the Swedish National Board of Health and Welfare, the 
number of newly diagnosed cancer patients has increased from 28,000 in the year 1970 to 
65,000 in the year 2015 (31). Approximately 20-27 % of these patients were diagnosed at the 
age of 25-59 years, potentially parenting minor children. 
2.2.2 Medical and psychological aspects of parental cancer 
2.2.2.1 Diagnosis and treatment of cancer 
The period shortly after cancer diagnosis (a few months to one year or more) is highly hectic. 
Patients may have to undergo more diagnostic examinations and to be confronted with 
decision making about treatment and care. The treatment options vary by age, type and stage 
of cancer, as well as other medical conditions of the patients. They usually include but are not 
limited to surgery, chemotherapy, radiotherapy, hormone therapy, biological therapy, and 
targeted therapy (32). Previous research has shown that patients with dependent children 
preferred aggressive treatment over palliative care (33). Treatment with longer duration and 
complications may lead to increased demand and burden on the family (34). 
2.2.2.2 Severity and prognosis of cancer 
Cancer staging system, such as TNM staging system, provides information about the size, 
extent and metastasis of a cancer based on the diagnosis (35). It helps patients and doctors 
understand the severity and chances of survival. If the cancer is diagnosed at an early stage, it 
is more likely to be treated successfully, and generally the patient’s chance of survival is 
higher. However, younger age at diagnosis of some cancers, e.g., breast cancer and prostate 
cancer, is likely related to a worse prognosis (36, 37).  The 5-year relative survival rate of 
cancers refers to the percentage of patients alive five years after their cancer is diagnosed, 
divided by the percentage of the general population alive after five years. It is often used to 
compare the prognosis of different cancers. In Sweden, the 5-year relative survival rate for all 
cancers has increased dramatically, from 35% in men and 48% in women in the early 1970s, 
to over 70% for both sexes in 2010 (38).  
2.2.2.3 Parental psychological conditions 
Cancer patients often experience emotional distress and psychiatric problems. According to a 
recent Swedish study, cancer patients have an increased risk of mental disorders, including 
stress reaction and adjustment disorders, depression, anxiety, substance abuse, dissociative 
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(conversion) disorders and somatoform disorders, from one year prior to diagnosis until ten 
years after diagnosis (39). The conditions of patients with advanced cancer are even worse: 
50% meet the diagnostic criteria for psychiatric disorders (40). Some studies showed that 
patients with cancers such as lung and pancreatic cancers were most distressed (41). Other 
findings indicated, however, that patients with cancers of relatively better survival were more 
likely to have mental disorders than patients of cancers with poor prognosis (42). Intense 
treatment such as higher doses of chemotherapy has also been related to high distress (43). A 
poor psychological adaptation may not only affect the survival for the cancer patient, but also 
have a strong negative influence on the child’s psychological well-being (44, 45). 
2.2.3 Previous research – Having a parent with cancer 
2.2.3.1 Prenatal exposure to parental cancer 
Maternal cancer diagnosed during pregnancy has been associated with a higher risk of 
adverse birth outcome such as being born preterm and small for gestational age, and death 
due to perinatal and congenital conditions (46, 47). One recent multicenter study indicated 
that prenatal exposure to maternal cancer did not lead to cognitive, cardiac, or general health 
problems among children at the age of 3 years (48). These findings did not vary by cancer 
treatment status of mothers. Research about the prenatal exposure to paternal cancer is largely 
lacking. Children born to a father who were cancer survivors were more likely to have 
congenital abnormalities than those of fathers without history of cancer (49). 
2.2.3.2 Postnatal exposure to parental cancer 
Most studies have been focused on the emotional and behavioral functioning of the children 
who had a parental cancer. Compared with other children, children who had a parent with 
cancer experienced various emotions, such as guilt, sorrow, shyness, worry, anger, and fear of 
losing the parent (9, 11, 25). Children may not easily express their feelings, but manifest 
themselves by physical and emotional complaints, such as headache, sleeping difficulties, 
loss of appetite, withdrawal or aggression (12, 50-52). High risks of mental health problems 
have consistently been reported among the affected children, who were assessed using 
interviews, questionnaires and clinical diagnoses in qualitative and quantitative studies (53-
56). School concentration and performance was also compromised in children of parents with 
cancer (11, 50, 57). 
Parent and family-related characteristics have been strongly associated with children’s 
psychosocial adjustment. Parental mental conditions contributed greatly to the vulnerability 
to psychosocial problems in children (58). Single parenthood has been associated with 
lower self-worth and social acceptance, and lower health-related quality of life in children 
with parental cancer (59, 60). Heathy family functioning such as increased family cohesion 
and open communication, on the contrary, has been associated with less stress-related 
symptoms, less internalizing and externalizing problems, and higher health-related quality of 
life in adolescents with parental cancer (44, 57, 61, 62).  
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2.3 CHILDREN’S HEALTH  
According to the World Health Organization, well-being entails one’s experience of their life 
and a comparison of life circumstances with social norms and values (63). Both physical and 
mental health are important contributors to well-being. 
2.3.1 Physical health 
Injury is the most common cause of health care for children. It accounts for approximately 
one million deaths of children per year in the world (64). It has been well documented that 
occurrence of childhood injury is strongly determined by sociodemographic, behavioral and 
psychosocial factors in the family (65). Life events such as parental unemployment, frequent 
changes of residence, and parental divorce or separation have been associated with a higher 
risk of childhood injury. Moreover, parental illness such as migraine, back pain, and 
depression has also been reported to correlate with a higher likelihood of injury in children 
(66). The association between parental cancer and childhood injury has not yet been 
specifically investigated. 
Injury may reflect an acute impact of environmental changes. Physical fitness, on the other 
hand, entails the development of cardiorespiratory endurance, muscular endurance and 
strength, body composition and flexibility (67).  Low physical fitness has been associated 
with a higher risk of cardiovascular disease, metabolic disease, as well as premature mortality 
(68-70). To evaluate the impact of parental cancer on children’s physical health in the short 
and long run, we studied both injury and physical fitness in this thesis.  
2.3.2 Mental health 
Mental health problems are one of the main categories of disorders faced in children's health 
services. Psychiatric disorders refer to a wide variety of mental health conditions with 
ongoing symptoms affecting one’s mood, behavior and functioning. In Sweden, the most 
common psychiatric disorders diagnosed in children include mood disorders, anxiety, 
attention deficit/ hyperactivity disorder (ADHD), and autism spectrum disorder (71). 
Previous research has indicated that genes and dysfunction of central neural network 
contributes to certain types of psychiatric disorders (72, 73). Exposure to environmental 
stressors both before and after birth has also substantial impact on the development of 
psychiatric disorders (74).  
There has been strong support for the notion that early life stress is a risk factor for 
psychiatric conditions (75), not much research has however assessed how it affects the ability 
of adaptation and recovery from adversities and related psychological stress. Stress resilience 
refers to the capacity for adaptively overcoming challenging or threatening circumstances and 
maintaining normal psychological functioning (76). The development of stress resilience may 
be restricted by the damaging effects on neural structures from early life stress (77). 
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A growing number of literatures have examined the associations between mental health 
problems and brain development in relation to psychological stress (78, 79). For example, 
early adversities, such as family instability and abuse, may be associated with variation in 
gray matter volumes directly or mediated by internalizing problems (78). Childhood traumas 
have also been associated with both smaller hippocampal volume (80, 81) and lower 
intellectual capacity in middle adulthood (82). To gain a comprehensive understanding of 
children’s mental health affected by psychological stress, we examined psychiatric disorders, 
stress resilience, intellectual performance as well as brain morphology among children in this 
thesis. 
 
2.4 POTENTIAL MECHANISMS UNDERLYING THE IMPACT OF 
PSYCHOLOGICAL STRESS 
2.4.1 Stress system 
When the brain detects a challenge or threat, the physiological response involves an 
immediate stimulation of muscles and organs and a subsequent response involving 
neuroendocrine, metabolic, immune and autonomic systems (83).  
The main stress systems and factors involved in stress response include the hypothalamic-
pituitary-adrenal (HPA) axis, autonomic nervous system, metabolic hormones, and 
inflammatory cytokines (83). HPA axis has been most extensively studied. Neurons in the 
hypothalamus release corticotropin-releasing hormone and arginine vasopressin, which 
stimulate the production of adrenocorticotropic hormone from the pituitary gland, and 
subsequently lead to the secretion of glucocorticoids from the adrenal cortex. The HPA axis 
activity is partially determined by the regulation of adrenocorticotropic hormone and 
corticotropin-releasing hormone through glucocorticoids’ binding to corticosteroid receptors, 
and controlled by feedback loops that tend to maintain a homeostatic state of the organism 
(84).  
2.4.2 HPA axis activity and brain development 
Glucocorticoids are commonly used as stress biomarkers as they are the final effector and key 
regulator of the HPA axis (85).  In humans, cortisol is the most common glucocorticoids. 
Cortisol can be converted by the 11β-hydroxysteroid dehydrogenase type 2 enzyme into 
inactive metabolite cortisone, which represents another useful stress biomarker (86). The 
assessment of glucocorticoids in hairs has been used to retrospectively evaluate the 
cumulative glucocorticoids production over the past several months, and provides good 
opportunity for exploring the association between prolonged HPA axis functioning and brain 
development (87, 88). 
Glucocorticoids play a key role in maintaining normal brain function and maturation (89). 
They initiate terminal maturation, remodel axons and dendrites, as well as affect programmed 
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cell death (83). Excessive glucocorticoid exposure may however exert adverse effects on the 
brain structure and function, including altered synaptic terminal structure, reduced dendritic 
branching, inhibition of neuronal regeneration, disrupted cellular metabolism, and increased 
vulnerability of hippocampal neurons to metabolic insults (90). In humans, cortisol reactivity 
and variation of the cortisol circadian rhythm have been associated with memory, language 
comprehension, as well as emotional and behavioral problems in children (91-94). Given the 
late introduction of brain imaging in pediatric research settings, few studies have so far 




This thesis aims to contribute to the understanding of the association between psychological 
stress and health in children, by examining 1) the impact of parental cancer on physical and 
mental health among the affected children and 2) the association between long-term HPA 
axis activity and brain morphology among typically developing young children. 
Specifically, it aims: 
 To examine the association between parental cancer and hospital contacts for injury 
among children (Study I);  
 To examine the association between parental cancer diagnosed during pregnancy or 
after birth and psychiatric disorders among children (Study II); 
 To examine the association of parental cancer with intellectual performance, stress 
resilience and physical fitness among young adult men (Study III); 
 To examine the association between hair cortisol or cortisone concentration and 
brain morphology among young children (Study IV).  
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4 METHODS 
4.1 PARENTAL CANCER AND CHILDREN’S WELL-BEING (STUDIES I, II & III)  
4.1.1 Data sources 
All data used in Studies I, II and III were obtained from the Swedish national registers. The 
unique ten-digit personal identity number assigned to each Swedish resident enables 
individual data linkage across all registers (97). 
4.1.1.1 Swedish Multi-Generation Register 
The Swedish Multi-Generation Register (MGR) consists of data on all residents in Sweden 
who were born in 1932 or later and alive in 1961. These individuals are referred to as index 
persons. Familial linkage is available between the index persons and their parents (biological 
and adoptive if there is any). The coverage was 100% in the biological maternal information 
and 98% in the biological paternal information for those born from 1961 onward (98). 
Information used in this thesis included: date of birth, sex and country of birth of index 
persons (i.e., children in the present studies), and date of birth of their parents. This register 
was also used to identify siblings of the index persons.  
4.1.1.2 Swedish Cancer Register 
The Swedish Cancer Register was launched in 1958 and has been mandatory for all 
physicians (as well as pathologists and cytologists if involved during diagnosis) to report new 
cases of cancer. The reporting to the Cancer Register approaches almost 100% of all newly 
diagnosed cancer cases in Sweden (99). Information used in this thesis included: clinical 
diagnosis indicated by the 7
th
 Swedish revision of the International Classification of Diseases 
(ICD) codes (140-205) and date of diagnosis (100). 
4.1.1.3 Patient register 
The Patient Register was founded in 1964 and has since collected individual-based 
information on inpatient care (101). It has nationwide coverage of all hospital discharges 
from 1987 onward. Since 2001, it also includes information of hospital-based outpatient visits 
to specialist care conducted by doctors with around 80% coverage in Sweden. Information 
used in this thesis included date of admission, date of discharge, primary diagnosis, 
secondary diagnoses, external causes of morbidity and mortality. Diagnoses and external 
causes were all indicated by the Swedish revisions of the ICD.  
4.1.1.4 Prescribed Drug Register 
The Prescribed Drug Register was established in July 2005. It contains information of all 
dispensed prescriptions at pharmacies in Sweden (102). All drugs are coded according to the 
Anatomical Therapeutic Chemical (ATC) system. Information used in this thesis included 
ATC codes for dispensed items and date of dispensing. 
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4.1.1.5 Military Service Conscription Register 
Until the year 2010, military conscription was mandatory for all Swedish young men except 
those with known handicaps, severe mental and physical health problems, or being 
incarcerated (103). Every healthy young man had to undergo a two-day examination at the 
age of 18 years, or in some cases at a later occasion. The Conscription Register provides 
detailed information on intellectual, psychological, physical and medical assessments on all 
conscripts during the examination (104). Information used in this thesis included date of 
examination, scores of intellectual performance, stress resilience and physical fitness. 
4.1.1.6 Medical Birth Register 
The Medical Birth Register was initiated in 1973 and aims to compile information on 
prenatal, delivery and neonatal factors from medical records (105). It has a 98-99% coverage 
of all births in Sweden over the years. Information used in this thesis included birth weight, 
and gestational age and mode of delivery at birth of the child, and maternal smoking during 
pregnancy. 
4.1.1.7 Register of Education 
The Register of Education was established in 1985. It collects information on the highest 
level of education for all individuals living in Sweden at the age of 16-74 years (106). The 
highest obtained education is classified into eight levels: 0) no education, 1) compulsory 
school less than 9 years, 2) compulsory school for 9 years, 3) upper secondary school for 2 
years or less, 4) upper secondary school for 3 years, 5) tertiary education less than 3 years, 6) 
tertiary education for 3 years or more, and 7) postgraduate education. In this thesis, we 
created categories of primary school or lower (0-2), secondary education (3-4), tertiary 
education (5-6), and postgraduate education (7). 
4.1.1.8 Other Registers 
Information on the date of emigration was collected from the Migration Register. The Cause 
of Death Register includes information on all deceased individuals that were registered in 
Sweden at the time of death. Information on the date of death was used in this thesis. 
Information on the socio-economic statuses of the parents were obtained from the Swedish 
Population and Housing Census in 1980 and classified into four categories: 1) blue-collar, 2) 
white-collar, 3) self-employed including farmers, and 4) others (107). 
4.1.2 Ascertainment of exposure and outcome  
4.1.2.1 Parental cancer 
The exposure was defined as a parental cancer diagnosed during pregnancy (i.e., prenatal 
exposure; Study II) or after birth (i.e., postnatal exposure; Studies I, II and III). 
Both parents of the children were linked to the Cancer Register, and the date of first cancer 
diagnosis, if any, was identified. In case that both parents had a cancer diagnosis, the first one 
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was studied. As the aim was to evaluate the impact of newly diagnosed parental cancer, 
children whose parents were diagnosed with cancer before the pregnancy (Study II) or their 
birth (Study I and Study III) were excluded. In addition to the overall impact, we were 
particularly interested to know whether the impact: 1) varies by the sex of parent with cancer, 
2) varies in time since cancer diagnosis (the immediate response to the “crisis”), 3) varies 
across different expected survival for parental cancer (disease severity or prognosis based on 
diagnosis) (Table 1), and 4) differed before and after the death of the parent with cancer (the 
ultimate outcome of parental cancer). 
Table 1. Expected 5-year survival classified by the predicted 5-year relative survival of each 
cancer type, according to summarized data from the National Board of Health and Welfare 







Poor   < 20% esophagus, liver, gall bladder, biliary tract, pancreas, lung and 
stomach 
Moderate   20–80% oral cavity, pharynx, small intestine, colon, rectum, other 
digestive organs, nose, nasal cavities, middle ear and accessory 
sinuses, larynx, mediastinum and other thoracic organs, cervix 
uteri, ovary and other female genital organs, prostate and other 
male genital organs, kidney, bladder and other urinary organs, 
eye, brain, bone, connective tissue, Non-Hodgkin's lymphoma, 
multiple myeloma, leukemia, and unspecified sites 
Good   ≥ 80% lip, breast, corpus uteri, testis, skin, thyroid and other endocrine 
glands, and Hodgkin’s lymphoma 
 
4.1.2.2 Injury 
In Study I, the primary outcome was defined as a hospital contact for injury among children. 
It was determined by either a hospital admission or an outpatient visit with a diagnosis of 
injury through linkage to the Patient Register.  As we were mainly interested in injuries not 
related to medical care, only children with both a main diagnosis of injury (ICD 10: S00-T98 
except T80-T88, T98.3) and an external cause for that injury (ICD 10: V01-Y98 except Y40-
Y84, Y88) were included. Injuries resulting from complications of medical and surgical care 
were excluded. Injuries were further classified by nature, body region (based on the main 
diagnosis), and by manner or intent, mechanism of injury and place of injury occurrence 
(based on the external cause) (Table 2) (109). 
We were interested to know whether parental cancer was associated with: 1) any hospital 
contact for injury, and 2) recurrent hospital contacts for injury. For the second question, we 
focused on children that had visited hospital due to injury more than once, and took into 
account all hospital contacts during follow-up (see section 4.1.3.1) in the analysis.  
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Table 2. Characteristics of injuries classified by the ICD 10 
Characteristics of injuries ICD-10 
Manner or intent   
  Unintentional V01–X59, Y85–Y86 
  Intentional self-harm X60–X84, Y87.0 
  Assault X85–Y09, Y87.1 
  Undetermined or other Y10–Y36, Y87.2, Y89–Y98 
Nature   
  Fracture S02, S12, S22, S32, S42, S52, S62, S72, S82, S92, T02, T08, 
T10, T12, T14.2, T90.2, T91(.1,.2), T92(.1,.2), T93(.1,.2) 
  Contusion or superficial injury S00, S05(.0,.1), S10, S20, S30, S40, S50, S60, S70, S80, S90, 
T00, T09.0, T11.0, T13.0, T14.0, T90.0 
  Open wound S01, S05(.2–.7), S08.0, S09.2, S11, S21, S31, S41, S51, S61, 
S71, S81, S91, T01, T09.1, T11.1, T13.1, T14.1, T90.1,  
T92.0, T93.0 
  Internal organ injury S06, S14(.0–.2), S24(.0,.1), S26.0, S27(.0–.6, .8–.9), 
S34(.0,.1,.3), S36, S37, S39(.6,.7), T06.5, T09.3, T90.5, T91(.3–
.5) 
  Effect of foreign body entering 
orifice 
T15–T19, T98.0 
  Dislocation S03(.0–.3), S13(.0–.3), S23(.0–.2),  S33(.0–.4), S43(.0–.3), 
S53(.0,.1), S63(.0–.2), S73.0, S83(.0,.1), S93(.0,.1, .3) 
  Other S03(.4,.5), S04, S05(.8, .9),  S07, S08(.1–.9), S09(.0,.1,.7,.8,.9), 
S13(.4–.6), S14(.3–.6), S15–S18, S19, S23(.3–.5), S24(.2–.6),  
S25, S26(.8, .9), S27.7, S28, S29, S33(.5–.7), S34(.2, .4,–.8), 
S35, S38, S39(.0,.8,.9), S43(.4–.7), S44–S49, S53(.2–.4), S54–
S59, S63(.3–.7), S64–S69, S73.1, S74–S79, S83(.2–.6), S83.7, 
S84–S89, S93(.2, .4–.6), S94–S99, T03–T05, T06(.0–.4,.8), 
T07, T09(.2, .4–.9), T11(.2–.9), T13(.2–.9),  T14(.3,–.9), T20–
T79, T90(.3,.4, .8,.9), T91(0., .8, .9), T92(.3,–.9),  T93(.3,–.9),  
T94–T97, T98(.1,.2) 
Body region  
  Upper extremity S40–S69, T00.2, T01.2, T02(.2,.4), T03.2, T04.2, T05(.0,.1,.2), 
T10, T11, T22, T23, T33 (.4,.5), T35.4, T92, T95.2 
  Head and neck S00–S11, S12(.8–.9), S13(.2,.3,.5,.6), S14(.3–.6), S15(.0, .2–.9), 
S16, S17, S18, S19, T00.0, T01.0, T02.0, T03.0, T04.0, T15–
T16, T17(.0–.4), T18.0, T20, T26,T27(.0,.4), T28(.0,.5), 
T33(.0,.1), T34(.0,.1), T35.2, T90, T95.0 
  Lower extremity S70–S99, T00.3, T01.3,  T02(.3, .5), T03.3, T04.3, T05(.3,.4,.5), 
T12, T13, T24, T25, T33(.6–.8), T34(.6–.8),T35.5, T93, T95.3 
  Trunk S12(.0–.7), S13(.0,.1,.4), S14(.0–.2), S15.1, S20–S39, T00.1, 
T01.1, T02.1, T03.1, T04.1, T06.0, T06.5, T08, T09, T17(.5–.9), 
T18(.2–.4), T18(.1,.5,.8,.9), T19,  T21, T27(.2,.3,.6,.7), T28(.1–
.3,.6–.8), T33(.2–.3), T34(.2–.3),T35.3, T91(.1–.5), T95.1 
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Characteristics of injuries ICD-10 
  Other T00(.6,.8,.9), T01(.6,.8,.9), T02(.6,.7,.8,.9), T03(.4,.8,.9), 
T04(.4,.7,.8,.9), T05(.6,.8,.9), T06(.1–.4,.8), T07, T14, 
T27(.1, .5), T28(.4,.9), T29, T30–T32, T33.9, T34.9, 
T35(.0,.1,.6,.7), T36–T79, T91(.0,.8,.9), T94, T95(.4,.8,.9), T96, 
T97, T98(.0–.2)  
Mechanism   
  Fall W00–W19, X80, Y01, Y30 
  Struck by or against W20–W22, W50–W52, X79, Y00, Y04, Y29, Y35.3 
  Transport V01–V99, X82, Y03, Y32, Y36.1 
  Nature, animal or plant W53–W64, X20–X39 
  Cut or pierce W25–W29, W45, X78, X99, Y28, Y35.4 
  Poisoning X40–X49, X60–X69, X85–X90, Y10– Y19, Y35.2 
  Other W23, W24, W30–W44, W46, W49, W65–W99, X00–X19, 
X50–X59, X70–X77, X81, X83, X84, X91–X98, Y02, Y05–
Y09, Y20–Y27, Y31,Y33, Y34,Y35(.0,.1,.5,.6,.7), Y36(.0,.2–
.9), Y85–Y87, Y89–Y98 
Place of occurrence  
  Residential area W00(.0, .1)–Y05(.0, .1),Y08(.0, .1) –Y34(.0, .1) 
  Transportation area V01–V99, W00.4–Y05.4,Y08.4–Y34.4 
  Sports and athletics area W00.3–Y05.3,Y08.4–Y34.3 
  School, other institution or 
public administrative area 
W00.2–Y05.2,Y08.2–Y34.2 
  Other W00(.5,–.9) –Y05(.5,–.9), Y06, Y07, Y08(.5,–.9)–Y34(.5,–.9), 
Y35–Y36, Y85–Y87, Y89, Y90–Y98 
 
4.1.2.3 Psychiatric disorder 
4.1.2.3.1 Clinical diagnosis of psychiatric disorder  
In Study II, the first outcome of interest was a clinical diagnosis of psychiatric disorder. 
Through the Patient Register, we identified children that had a main or secondary diagnosis 
of psychiatric disorder (ICD-10: F00-F99) from a hospital admission or an outpatient visit 
during follow up (see section 4.1.3.2). We were particularly interested to know whether 
parental cancer had an impact on specific types of psychiatric disorders, including:  
1) affective disorders (F30-F39), 2) anxiety disorders [F40-F42, F44-F45, F48, F93(.0, .1, .2, 
.8)], 3) stress reaction and adjustment disorders (F43), 4) substance use disorders (F10-F19), 
5) eating disorder (F50), 6) autism spectrum disorder (F84), and 7) ADHD (F90). 
4.1.2.3.2 Prescribed psychiatric medication 
To further evaluate the impact of parental cancer on the children’s psychiatric conditions, we 
encompassed the prescribed psychiatric medication as a second outcome of interest in Study 
II. We extracted information from the Prescribed Drug Register on several psychiatric 
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medications that have commonly been prescribed for children, including antidepressants 
(ATC: N06A), anxiolytics (ATC: N05B), and hypnotics and sedatives (ATC: N05C) (110).  
4.1.2.4 Intellectual performance 
Intellectual performance was assessed in the conscripts using three different test versions 
during the study period (see section 4.1.3.3) (111). The overall test contents were similar, 
which consisted of four domains investigating inductive, verbal, spatial and technical abilities 
(111, 112). A global intelligence score was derived through summing scores from all 
domains, and standardized to present a Gaussian distribution with values between 1 and 9 
(i.e., Stanine scale). A higher value indicated better intellectual performance. To evaluate 
whether parental cancer is associated with poor intellectual performance in Study III, we 
grouped the scores into three levels: low (1−3), moderate (4−6) and high (7−9) (113). 
4.1.2.5 Stress resilience 
The assessment of stress resilience was performed to evaluate the conscript’s ability to cope 
with psychological stress during military service and ultimate armed combat (114, 115). 
Overall, capability to cope with loss of personal freedom and emotional stability were 
requirements for a high score, in addition to willingness to assume responsibility, high 
independence, persistence, ability to take initiative, and social capacity to contribute to group 
cohesion. In contrast, tendencies towards antisocial or aggressive behaviors, and difficulties 
in accepting authority or adjustment issues were considered negative factors. Four 
psychological dimensions including mental energy, emotional control, social maturity and 
active/passive interests were rated and combined to produce a summarized score of stress 
resilience on a Stanine scale. To assess whether parental cancer was associated with low 
stress resilience in Study III, we condensed the scores into low (1−3), moderate (4−6) and 
high (7−9) where a higher value indicated better functioning (116).  
4.1.2.6 Physical fitness 
Physical fitness was assessed by the maximal work test developed by Torn (117). During the 
test, the conscript was required to work on a bicycle ergometer, with gradually increasing 
resistance until volitional exhaustion (118, 119). The result of the test was expressed as the 
maximal work rate that the conscript could sustain for six minutes (Wmax 6min). This was 
estimated by entering the values of the arbitrary work rate (kpm/minute) and the work time 
(minute) in the equation (119): 




The Wmax 6min were transformed into scores from 0 to 9, with a higher value indicating greater 
physical fitness. To assess whether parental cancer was associated with low physical fitness 
in Study III, we grouped the scores into low (0-4), moderate (5-7), and high (8-9). 
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4.1.3 Study designs 
4.1.3.1 Study I 
Study I was a register-based cohort study including 1,964,627 children born in Sweden 
during 1983–2002. The flow of inclusion and exclusion process is illustrated in Figure 1.  
As data on outpatient visit were available from 2001 in the Patient Register, all children were 
followed from January 1, 2001 or date of birth, whichever came later. Person-time 
experienced by the children with parental cancer was counted first into the unexposed period 
and after the date of parental cancer diagnosis into the exposed period. If one’s parent was 
diagnosed with cancer before January 1, 2001, all person-time was counted into the exposed 
period. Person-time experienced by the children without such exposure was all counted into 
the unexposed period (Figure 2). In the primary analysis, the follow-up was censored for both 
exposed and unexposed periods at the earliest of: 1) date of first hospital contact for injury, 2) 
date of emigration, 3) date of death, 4) date of 18th birthday, and 5) December 31, 2010 
(Figure 2-A). In the secondary analysis, we extended the follow-up among children who were 
censored due to injury in the primary analysis, from the end of the wash-out period (we 
assumed that diagnoses of injuries occurring within a 7-day wash-out period were likely 
referring to a same diagnosis) to the following injuries (Figure 2-B).  
4.1.3.2 Study II 
Study II was a register-based matched cohort study, consisting of 1,047 children with and 
10,470 without prenatal exposure to parental cancer, and 100,292 children with and 
1,002,920 without postnatal exposure to parental cancer, during 1983–2010. The flow of 
inclusion and exclusion process of the matched cohort is illustrated in Figure 3. Note that the 
entry date was date of the start of follow-up for both the exposed and the matched unexposed 
children. It was either the date of parental cancer diagnosis (i.e., index date) or January 1, 
2001, whichever came later. Both the exposed and unexposed children were followed from 
the entry date until the diagnosis of psychiatric disorder, death, emigration or December 31, 
2010, whichever occurred first. The unexposed children were also censored when they 
became exposed. 
In the analysis of prescribed psychiatric medications, children that were censored before July 
1, 2005 due to death, emigration or becoming exposed were excluded, leaving 1,103,410 in 
the analysis. These children were followed for any psychiatric prescription until the date of 
parental cancer diagnosis (only applied to unexposed children), death, emigration or 



























Figure 1. Flow chart of inclusion and exclusion of study participants in Study I 
Children born between 1983 and 2002 in Sweden 
(N=2,071,380)  
Children with both biological parents identifiable from 
MGR (N=2,042,251, 98.6%) 
Exclusion 
1) Children with at least one biological parent 
unidentifiable from the MGR (N=29,129, 
1.4%) 
Children with both biological parents alive and free of 
cancer at their birth (N=2,027,863, 97.9%) 
Exclusion 
1) Children whose parents died before or on the 
date of their birth (N=517, 0.0%) 
2) Children whose parents were diagnosed with 
cancer before or on the date of their birth 
(N=13,871, 0.7%) 
Exclusion 
1) Children that emigrated, died or became 18 
years old before or at the start of follow-up 
(N=63,236, 3.1%) 
Children in the final analysis 
(N=1,964,627, 94.8%) 
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2001.01.01 2010.12.31 
Follow-up period 
Figure 2. Follow-up in Study I (A: primary analysis. B: secondary analysis) 
Date of parental 
cancer diagnosis 
Date of emigration/death /18
th 








































































































Children born between 1983 and 2000 in Sweden 
(N=1,883,365) 
Children with both biological parents identifiable from 
MGR (N=1,858,859, 98.7%) 
Exclusion 
1) Children with at least one biological parent 
unidentifiable from the MGR (N=24,506, 
1.3%) 
Children with both biological parents free of cancer 
before pregnancy (N=1,847,610, 98.1%) 
Exclusion 
1) Children whose parents were diagnosed 
with cancer before pregnancy (N=11,249, 
0.6%) 
Exclusion 
1) Children died or emigrated before or on 
January 1, 2001 (N=56,045, 3.0%)  
Children who were eligible for follow-up  
(N=1,791,565, 95.1%) 
Exposed/index children (N=101,339) 
1) Children free of psychiatric disorder 
before the entry date 
Unexposed/matched children (N=1,013,390) 
1) Ten children were randomly selected 
and individually matched to each index 
child by sex and birth year using 
incidence density sampling; they had to 
be free of parental cancer, alive, not 
emigrated and free of psychiatric 
disorder before the entry date for the 
corresponding exposed children 
Pool of exposed children (N=106,622) 
1) Children whose parents were 
diagnosed with cancer during 
pregnancy or after the children’s 
birth and that were alive and not 
emigrated before the entry date 
Final matched cohort for analysis of clinical diagnosis of 
psychiatric disorder (N=1,114,729) 
Exclusion 
1) Children that became exposed (only for 
unexposed children), died or emigrated 
before July 1, 2005 (N=11,319) 
For analysis of prescribed psychiatric 
medication (N=1,103,410) 
Figure 3. Flow chart of inclusion and exclusion of study participants in Study II 
1:10 
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4.1.3.3 Study III 
In Study III, we included 465,249 boys born in Sweden between 1973 and 1983 that 
underwent the conscription examination including assessments for intellectual performance, 
stress resilience and physical fitness. Figure 4 shows the flow of inclusion and exclusion 

























1) Boys with at least one biological parent 
unidentifiable from the MGR (N=4,684, 
0.8%) 
Boys who underwent the examination for 
conscription (N=492,152, 88.3%) 
Exclusion: 
1) Boys who were not assessed for 
conscription (N=65,427, 11.7%) due to: 
• Death  
• Emigration before the age of 18 years  
• Other reasons 
Boys born 1973-1983 in Sweden  
(N=557,579) 
Boys with both biological parents identifiable 
from the MGR  
(N=487,468, 87.4%)   
Exclusion: 
1) Boys who had missing information on all 
assessments for intellectual performance, 
stress resilience and physical fitness 
(N=20,214, 3.6%) 
Boys in the final analysis  
(465,249, 83.4%) 
Boys with both biological parents free of 
cancer at their birth (N=485,463, 87.1%) 
Exclusion: 
1) Boys whose parents were diagnosed with 
cancer before or on the date of their birth 
(N=2,005, 0.4%) 
Figure 4. Flow chart of inclusion and exclusion of study participants in Study III 
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4.1.4 Statistical analysis 
Pearson’s χ2 test was used to compare characteristics of the children and their parents 
between the exposed and unexposed groups. 
4.1.4.1 Cox Proportional Hazards Regression (Studies I and II) 
Cox proportional hazards regression (hereinafter called the Cox model) is one of the most 
common regression techniques for survival analysis, which aims to analyze follow-up time 
from a starting point in time until the occurrence of an event of interest. We applied the Cox 
model in Studies I and II, where we estimated the hazard ratio (HR) with 95% confidence 
interval (CI) for the first hospital contact for injury or clinical diagnosis of psychiatric 
disorder associated with parental cancer. The models were adjusted for a number of 
covariates described below. We tested the proportional hazards assumption on the basis of 
Schoenfeld residuals, and no statistically significant violation was observed in either study 
(120).   
To assess the risk of repeated injuries in Study I, the original Cox model was not appropriate 
as it models only time to the first event. We instead used a conditional Cox model (Prentice, 
Williams and Peterson – Total Time model) (121). This model analyzed multiple injuries by 
stratifying on injury order during the follow-up period, with the assumption that a child was 
not at risk for a subsequent injury until a prior injury had occurred. 
4.1.4.2 Logistic Regression (Study II) 
We used logistic regression to compare between children with and without parental cancer 
the risk of any use of prescribed psychiatric medication and the risk of any use of 
antidepressants, anxiolytics, or hypnotics and sedatives during follow-up. Odds ratio (OR) 
with 95% CI was estimated with adjustment for several covariates (listed below) in the 
model. 
4.1.4.3 Multinomial logistic regression (Study III) 
Multinomial logistic regression is an extension of traditional logistic regression that models 
outcome variables of more than two categories. We estimated the relative risk ratio (RRR) 
with 95% CI for moderate or low level of intellectual performance, stress resilience or 
physical fitness versus high level (reference category) comparing between conscripts with 
and without parental cancer. We presented only results for low intellectual performance, low 
stress resilience and low physical fitness (see results for the moderate level of outcomes in the 
manuscript). A number of covariates were adjusted for in the analysis (see below). 
To address potential confounding and effect modification, we included in analyses the 
following variables: sex, age or birth year, gestational age at birth, birth weight, mode of 
delivery, number of siblings of the children, maternal smoking during pregnancy, parental 
ages at child’s birth, and educational level and socio-economic status of the parents. A 
parental psychiatric disease before the index date was also included in Study II. 
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We performed Wald tests to compare the HRs, ORs or RRRs among different exposed 
subgroups categorized by: 1) time since cancer diagnosis, 2) sex of the parent with cancer, 3) 
expected 5-year survival for cancer, 4) parental death after cancer diagnosis, and 5) parental 
comorbid psychiatric disease after cancer diagnosis. The Wald tests were also performed to 
test the dose-response trend in the analysis of expected 5-year survival for cancer. 
We used formal tests of interaction to examine the potential modifying effect of sex and age 
at follow-up of the child, and parental history of psychiatric disease on the studied 
associations.  
Robust standard errors were applied in all models to account for the non-independence of 
data on children from the same family. 
The data preparation was performed using SAS version 9.4, SAS institute Inc.. The statistical 
analyses were performed using Stata versions 12.1 (Study I) and 14.0 (Studies II and III), 
StataCorp LP. Statistical significance was assessed using two-tailed 0.05-level tests. 
 
4.2 HAIR CORTISOL OR CORTISONE AND BRAIN MORPHOLOGY (STUDY 
IV) 
4.2.1 Data sources 
The Generation R Study is an ongoing population-based cohort study in Rotterdam, the 
Netherlands (122). It aims to investigate the environmental and genetic factors associated 
with growth, development and health from fetal life toward adulthood. In total, 9,778 
pregnant women in Rotterdam were enrolled in the study from April 2002 until January 2006. 
Data collection started from the early prenatal phase and currently has been conducted in 
early teens. Overall response rate was 61% at baseline, and around 80% in follow-up until the 
age of 10 years. At the age of 6 –10 years all participating children and their parents were 
invited to the research center in the Erasmus MC-Sophia Children’s Hospital. Data collection 
included questionnaires, interviews, hands-on measurements, behavioral observations, 
biological samples and magnetic resonance imaging (MRI) scans. Information used in this 
thesis included: assessment of hair cortisol and cortisone concentrations, structural brain 
imaging, body mass index (BMI), and cognitive and behavioral assessment of the children, as 
well as demographics of the parents. 
4.2.2 Measurement of exposure and outcome 
4.2.2.1 Hair cortisol and cortisone concentrations 
Hair collection started nearly 2 years after the onset of the follow-up wave at the age of 6 
years (123). Hair samples of the children were collected during a visit at the research center. 
Approximately 100 strands of hair were cut from the posterior vertex of the head, and stored 
in an envelope with the scalp end marked. The measurement of cortisol and cortisone was 
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conducted by the Laboratory of Neuro-endocrinology, Department of Internal Medicine, 
Erasmus Medical Center (124, 125). Briefly, the proximal 3 cm of the hair samples were 
weighed, minced, washed in isopropanol (LC-grade), and left to dry for a minimum of 2 
days. After adding deuterium labeled cortisol and cortisone, the steroids were extracted using 
methanol (LC-grade). The extracts were then centrifuged and evaporated to dryness at 37℃ 
under a constant flow of N2. After reconstitution in methanol (LC-grade), the extract was 
washed using solid phase extraction plate (Oasis HLB 96-well SPE plate, Waters 
Chromatography). The extracts were then evaporated to dryness at 50℃ and stored at 4℃. In 
the practical analysis, the extracts were resuspended in eluent, vortexed, and analyzed by 
liquid chromatography-tandem mass spectrometry (Xevo TQS, Waters Chromatography). As 
the cortisol and cortisone measures were highly skewed, all measures were log10 transformed 
before statistical analysis. Outliers were defined as concentrations (log10 transformed) falling 
below or above 3 times standard deviation from the mean. 
4.2.2.2 Brain morphometric measures 
The infusion of brain MRI in the Generation R Study began in September 2009 (126). After a 
mock scanning session, children were scanned on a 3 Tesla scanner (General Electric 
Discovery MR750, Milwaukee, MI, USA) using an eight-channel head coil for signal 
reception. A high-resolution T1-weighted inversion recovery fast spoiled gradient recalled 
sequence was obtained with the following parameters: repetition time =10.3 ms, echo time 
=4.2 ms, inversion time =350 ms, number of excitations =1, flip angle =16°, slice 
thickness=0.9mm, number of contiguous slices=186, readout bandwidth=20.8 kHz, matrix 
256×256, imaging acceleration factor of 2, and an isotropic resolution of 0.9×0.9×0.9 mm
3
.   
Cortical reconstruction and volumetric segmentation was performed using FreeSurfer 
(version 5.1.0; http://surfer.nmr.mgh.harvard.edu/). FreeSurfer computes measures 
including volumes, cortical thickness, surface area, and gyrification in an automated 
approach. The technical procedures have previously been extensively described (127, 128). 
Cortical thickness was calculated as the shortest distance from the gray matter/white matter 
boundary to the gray matter/cerebrospinal fluid boundary at each vertex on the tessellated 
surface. Surface area was measured based on the reconstruction of cortical surface, where 
the cortex was segmented into units based on the patterns of gyri and sulci (129). Local 
gyrification index reflects the degree of cortical folding. It was measured at each vertex 
point on the entire brain based on the pial surface reconstruction (130). 
 
4.2.3 Study design 
Study IV was embedded in the Generation R Study. In total, 1,070 children aged 6-10 
participated in the first brain MRI study (126). To achieve greater ethnic homogeneity of the 
participants, children of other national origins were excluded, leaving 726 Dutch children 
eligible for the study. The flow of inclusion and exclusion process is illustrated in Figure 5. 
Note that children with hair samples were less than half of the children with Brain MRI 
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because of the late infusion of hair sample collection. In this study, the brain MRI was 
conducted on average 1.6 years after the hair sample collection. 





















4.2.4 Statistical analysis 
4.2.4.1 Region of interest analysis 
Linear regression was used to evaluate the associations of hair cortisol or cortisone 
concentration (exposure) with morphometric measures by regions of interest (outcomes). The 
morphometric measures included volumetrics [total brain, gray matter, white matter, cortical 
Children with available hair cortisol concentration
* 
(N=247, 34.0%) 
Children in the final analysis 
(N=219, 30.2%) 
Dutch children participated in the Brain MRI scan 
(N=726) 
Children provided hair samples  
(N=260, 35.8%) 
Exclusion 
2) Children not invited to participate in hair sample 
collection (N=446, 61.4%) 
3) Children invited but did not provide hair sample  
(N=20, 2.8%) 
Exclusion 
4) Child whose hair cortisol and cortisone 
concentrations were unavailable (N=6, 0.8%) 
5) Children whose hair cortisol or cortisone 
concentration were identified as outliers (N=7, 
1.0%) 
* Hair cortisone concentration was not available in 6 children 
 
Figure 5. Flow chart of inclusion and exclusion of study participants in Study IV  
 
Exclusion 
1) Children with unusable or poor T1-weighted 
structural images, or with unusable FreeSurfer-
processed MR-images  (N=26, 3.6%) 
2) Children whose MR-images showed incidental 
findings (N=2, 0.3%) 
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gray matter, subcortical structures (subcortical gray matter, hippocampus, amygdala, caudate, 
putamen, pallidum and thalamus), and cortical lobes (frontal, parietal, temporal and 
occipital)], cortical thickness (total brain and cortical lobes), cortical surface area (total brain 
and cortical lobes), and local gyrification index. The models were adjusted for potential 
confounders, including sex, age at MRI scan, time interval between hair collection and MRI 
scan, Child Behavior Checklist total problems score, non-verbal IQ, BMI standard deviation 
score, maternal educational level, maternal age at child's birth and monthly household 
income. Analyses of volumetrics regarding subcortical structures and cortical lobes were 
performed taking into account total brain volume as a covariate. Analyses of cortical surface 
area for cortical lobes were performed taking into account total surface area as a covariate. 
We used the Child Behavior Checklist to assess behavioral and emotional problems. A total 
problems score greater than 91st percentile based on a Dutch reference population was used 
to define a clinical behavioral problem (131). Interaction tests were performed to examine if 
the studied associations differed between children with and without behavioral problems. 
All statistical analyses were performed using SAS version 9.4.  
4.2.4.2 Vertex-wise analysis 
As the a priori-defined regions of interest may limit the identification of the studied 
association elsewhere, we performed vertex-wise analyses using the FreeSurfer’s Query, 
Design, Estimate, Contrast (QDEC) interface. It allows users to perform group averaging and 
inference with general linear models on cortical morphometric data computed by the 
FreeSurfer processing stream. Analyses were adjusted for sex (discrete factor), age at MRI 
scan and time interval between hair collection and MRI scan (nuisance factors). Multiple 
testing was corrected for by the built-in Monte Carlo simulation at a threshold of P<0.05, 
because the analysis was performed on more than 160,000 vertices (132). To assess the 
potential false negatives introduced by correction for multiple testing, an uncorrected 
statistical threshold of P<0.001 was also considered to approximate a significant threshold, 
especially for associations shown in the a priori-defined regions. 
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5 RESULTS 
5.1 PARENTAL CANCER AND CHILDREN’S WELL-BEING (STUDIES I, II & III) 
5.1.1 Descriptive characteristics 
An overview of the study participants are shown in Table 3.  
Table 3. Overview of the study participants in Studies I, II and III 
Outcomes Unexposed children Exposed children 
  No parental cancer during 
pregnancy 
Parental cancer during 
pregnancy 
Psychiatric disorder diagnosis 
  
  No. of events 1,078 119 
  Person-years 97,392 9,923 
  Event rate (95% CI) 
1
 11.1 (10.4−11.8) 12.0 (10.0−14.4) 
Prescribed psychiatric medication 
  
  No. of events 825 106 
  No. of observations 10,260 1,046 
  Proportion (%) 8.0 10.1 
  No parental cancer after birth Parental cancer after birth 
Hospital contact for injury 
  
  No. of events 548,488 15,377 
  Person-years 11,879,075 298,302 
  Event rate (95% CI) 
1
 46.2 (46.1−46.3)  51.6 (50.7−52.4) 
Psychiatric disorder diagnosis 
  
  No. of events 81,164 8,707 
  Person-years 6,167,229 627,972 
  Event rate (95% CI) 
1
 13.2 (13.1−13.3)  13.9 (13.6−14.2) 
Prescribed psychiatric medication 
  
  No. of events 89,452 9,906 
  No. of observations 991,938 100,166  
  Proportion (%) 9.0 9.9 




  No. of events 93,515 4,107 
  No. of observations 444,866 20,383 
  Proportion (%) 21.0 20.2 




  No. of events 87,897 4,357 
  No. of observations 444,866 20,383 
  Proportion (%) 19.8 21.4 




  No. of events 58,877 2,799 
  No. of observations 444,866 20,383 
  Proportion (%) 13.2 13.7 
1 Number of events per 1,000 person-years 
2 Only boys 
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Collectively, children with parental cancer had smaller gestational age at birth, higher 
proportion of being delivered through caesarian section, higher proportions of birth weight 
less than 2,500 grams or higher than 4,000 grams, older parents at birth, and higher 
educational levels of parents. 
5.1.2 Parental cancer and children’s injury, psychiatric disorder, and 
impaired intellectual performance, stress resilience and physical 
fitness 
5.1.2.1 Prenatal exposure to parental cancer 
Paternal cancer during pregnancy appeared to be associated with an increased risk of 
psychiatric disorders, primary among the girls (clinical diagnosis of psychiatric disorder: HR: 
1.31, 95% CI: 0.92–1.86; prescribed psychiatric medications: OR: 1.62, 95% CI: 1.10−2.38). 
Maternal cancer, however, was not associated with psychiatric disorders among children. 
5.1.2.2 Postnatal exposure to parental cancer 
5.1.2.2.1 Overall associations 
Children with parental cancer after birth had a 7% higher risk of injury (13% higher risk of 
repeated injuries, HR: 1.13, 95% CI: 1.12−1.15), an 8-11% higher risk of psychiatric disorder, 
a 9% higher risk of having low stress resilience and a 12% higher risk of having low physical 
fitness, than children without such experience (Table 4). No evidence was observed for an 
overall association between parental cancer after birth and low intellectual performance. 
Table 4. Overall associations in Studies I, II and III 
Outcomes HR/OR/RRR (95% CI) 
Hospital contact for injury 1.07 (1.05−1.09) 
Psychiatric disorder  
 
  Psychiatric disorder diagnosis 1.08 (1.05−1.10) 
  Prescribed psychiatric medication 1.11 (1.09−1.14) 
Low intellectual performance 
1
 1.02 (0.97−1.08) 
Low stress resilience 
1
 1.09 (1.04−1.15) 
Low physical fitness 
1
 1.12 (1.05−1.19) 
1 Only boys 
   
5.1.2.2.2 Sex difference 
Parental cancer after birth was more strongly associated with a higher risk of injury in boys 
than girls, but less strongly associated with a higher risk of psychiatric disorder among boys 
than girls (Table 5). 
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Table 5. Sex difference of the studied associations in Studies I and II 
Outcomes Boys  Girls P for interaction 
  HR/OR (95% CI) HR/OR (95% CI) 
Hospital contact for injury 1.11 (1.08–1.13) 1.02 (0.99–1.05) < 0.001 
Psychiatric disorder  
   
  Psychiatric disorder diagnosis 1.06 (1.03–1.10) 1.09 (1.06–1.13) 0.09 
  Prescribed psychiatric medication 1.08 (1.04–1.12) 1.14 (1.10–1.17) 0.046 
    
5.1.2.2.3 Age difference 
Child’s age at follow-up appeared not to modify the overall associations between parental 
cancer after birth and injury or psychiatric disorder diagnosis (Table 6). The difference 
between exposed and unexposed children however applied only significantly to children at 
the age of 6-11 years (injury) and at the age of 12 years and above (injury and psychiatric 
disorder diagnosis). 
 
Table 6. Age difference of the studied associations in Studies I and II [HR (95% CI)] 































1 P for interaction: 0.60 
2 P for interaction: 0.10 
 
5.1.2.2.4 Difference by sex of the parent with cancer 
Sex of the parent with cancer did not modify the associations of parental cancer with injury, 
psychiatric disorder, low intellectual performance, low stress resilience and low physical 
fitness (Table 7). 
Table 7. Difference of the studied associations according to sex of the parent with cancer in 
Studies I, II and III 
Outcomes Paternal cancer Maternal cancer P (Wald test) 
  HR/OR/RRR 
 (95% CI) 
HR/OR/RRR 
 (95% CI) 
Hospital contact for injury 1.08 (1.05−1.11) 1.06 (1.04−1.09) 0.48 
Psychiatric disorder  
   
  Psychiatric disorder diagnosis 1.11 (1.07−1.14) 1.06 (1.03−1.09) 0.06 
  Prescribed psychiatric medication 1.09 (1.06−1.13) 1.13 (1.09−1.16) 0.17 
Low intellectual performance 
1
 1.02 (0.94−1.10) 1.02 (0.96−1.09) 0.87 
Low stress resilience 
1
 1.08 (1.00−1.17) 1.10 (1.03−1.17)  0.79 
Low physical fitness 
1
 1.10 (0.99−1.21) 1.14 (1.05−1.23) 0.55 
1 Only boys 
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5.1.2.2.5 Difference according to time since cancer diagnosis 
After the cancer diagnosis of parent, children experienced the highest risk of injury during the 
first year, after which the risk decreased and remained the same as that among children 
without parental cancer from the fourth year (Table 8). On the contrary, children had a higher 
risk of psychiatric disorder constantly over years after the parental cancer diagnosis.  
Table 8. Difference of the studied associations according to the time since cancer diagnosis 
in Studies I and II 
Outcomes Time since cancer diagnosis [HR (95% CI)] 
  ≤ 1 year >1 and ≤3 years > 3 years 
Hospital contact for injury 
1
 1.27 (1.22−1.33) 1.10 (1.07−1.14) 1.01 (0.99−1.03) 
Psychiatric disorder diagnosis 
2
 1.05 (0.98−1.13) 1.08 (1.03−1.14) 1.08 (1.05−1.11) 
1 P (Wald test): < 0.001 
   2 P (Wald test): 0.74 
5.1.2.2.6 Difference according to expected 5-year survival for cancer 
Positive dose-response trends were observed: a poorer expected survival was indicated for the 
cancer, a higher risk of psychiatric disorder, low intellectual performance, low stress 
resilience and low physical fitness the affected children had (Table 9). Such pattern was not 
shown regarding injury. 
Table 9. Difference of the studied associations according to the expected 5-year survival for 
cancer in Studies I, II and III 
Outcomes Expected 5-year survival for cancer  
[HR/OR/RRR (95% CI)] 
  Poor Moderate Good 
Hospital contact for injury 1.02 (0.95−1.10) 1.08 (1.06−1.11) 1.06 (1.04−1.09) 
Psychiatric disorder  
   
  Psychiatric disorder diagnosis 1.20 (1.11−1.30) 1.10 (1.07−1.14) 1.03 (1.00−1.07) 
  Prescribed psychiatric medication 1.23 (1.14−1.33) 1.11 (1.07−1.15) 1.10 (1.06−1.14) 
Low intellectual performance 
1
 1.20 (1.00−1.43) 1.09 (1.01−1.18) 0.93 (0.87−1.01) 
Low stress resilience 
1
 1.59 (1.31−1.94) 1.09 (1.01−1.18) 1.03 (0.96−1.11) 
Low physical fitness 
1
 1.45 (1.14−1.85) 1.19 (1.09−1.31) 1.02 (0.94−1.12) 
All P for trend < 0.05 




5.1.2.2.7 Difference by survival status of the parent with cancer 
Compared to children without parental cancer, children who experienced the death of the 
parent with cancer were at an even higher risk of psychiatric disorder, low stress resilience 
and low physical fitness than those whose parents with cancer were still alive (Table 10). An 
opposite pattern was observed with regard to injury. 
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Table 10. Difference of the studied associations according to the survival status of the 
parent with cancer in Studies I, II and III 
Outcomes Death of the parent with cancer  
[HR/OR/RRR (95% CI)] 
P (Wald test) 
  No Yes 
Hospital contact for injury 1.09 (1.07−1.11) 0.97 (0.93−1.01) <0.001 
Psychiatric disorder  
   
  Psychiatric disorder diagnosis 1.04 (1.01−1.07) 1.23 (1.18−1.29) <0.001 
  Prescribed psychiatric medication 1.04 (1.02−1.07) 1.32 (1.27−1.38) <0.001 
Low intellectual performance 
1
 0.99 (0.94−1.05) 1.11 (1.01−1.24) 0.06 
Low stress resilience 
1
 1.03 (0.98−1.10) 1.29 (1.16−1.43) <0.001 
Low physical fitness 
1
 1.05 (0.98−1.13) 1.40 (1.23−1.59) <0.001 
1 Only boys 
       
5.1.2.2.8 Impact of parental psychiatric disease  
A history of psychiatric disease in the parent before cancer diagnosis did not modify the 
association between parental cancer and psychiatric disorder diagnosis (without history: HR: 
1.08, 95%CI: 1.06−1.11, with history: HR: 1.03, 95%CI: 0.97−1.08, P for interaction: 0.07). 
However, the psychiatric disease comorbid after cancer diagnosis in the parent conferred an 
even higher risk of psychiatric disorder diagnosis as well as injury, compared with children 
whose parents with cancer without such experience (Table 11). 
Table 11. Difference of the studied associations according to comorbid psychiatric disease 
in the parent after cancer diagnosis in Studies I and II 
Outcomes Parental psychiatric disease after 
cancer diagnosis [HR (95% CI)] 
P (Wald test) 
    No   Yes 
Hospital contact for injury 1.06 (1.05−1.08) 1.21 (1.12−1.31)   0.001 
Psychiatric disorder diagnosis 1.04 (1.02−1.07) 1.77 (1.64−1.92) <0.001 
 
5.1.2.2.9 Different types of injuries 
In Study I, unintentional injuries represented 96% of all injuries among the participating 
children (HR: 1.07, 95% CI: 1.05−1.09). Although a higher risk was also suggested for 
intentional self-harm, the association was not statistically significant (Figure 6). During the 
entire follow-up, the association between parental cancer and childhood injury did not appear 
to vary according to nature, body region, or mechanism of injury, or place of injury 
occurrence. However, during the first year after cancer diagnosis, the risk increment of 























5.1.2.2.10 Different types of psychiatric disorder  
Parental cancer after birth was most strongly associated with a higher risk of stress reaction 
and adjustment disorders among both boys (HR: 1.24, 95%CI: 1.08–1.43) and girls (HR: 
1.27, 95%CI: 1.14–1.41). Such exposure was also associated with a higher risk of affective 
disorders (HR: 1.10, 95%CI: 1.04−1.15) and anxiety disorders (HR: 1.06, 95%CI: 
1.01−1.11), particularly in girls. No association was observed for substance use disorders, 
eating disorder, autism spectrum disorder or ADHD. Nevertheless, children with parental 
cancer had a higher risk of use of commonly prescribed psychiatric medications, including 
antidepressants (OR: 1.11, 95%CI: 1.08−1.14), anxiolytics (OR: 2.18, 95%CI: 2.11−2.25), 
and hypnotics and sedatives (OR: 1.13, 95%CI: 1.10−1.17). 
Figure 6. Hazard ratios for injury comparing children with and without parental cancer, 
according to different characteristics of injury (Study I; modified based on Figure 1 in 
paper 1) 
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5.2 HAIR CORTISOL OR CORTISONE AND BRAIN MORPHOLOGY (STUDY IV) 
A total of 219 children (102 boys and 117 girls) were included in the analysis. The mean age 
at hair collection was 6.0 years, and the mean age at MRI scan was 7.7 years. Approximately 
6.4% of the children had behavioral problems.  The mean concentration (log10 transformed) 
of hair cortisol and cortisone was 0.13 pg/mg and 0.84 pg/mg respectively.  
The regions of interest analyses showed that hair cortisol (B: 6.03, 95% CI: 1.17–10.89) and 
cortisone (B: 10.42, 95% CI: 2.88–17.96) concentrations were positively associated with 
cortical surface area in the parietal lobe. Clinical behavioral problem modified the association 
between hair cortisol or cortisone concentration and hippocampal volume in children (P for 
interaction <0.001): high concentrations of both hair cortisol (B= -1.54, 95% CI: -2.33 –         
-0.76) and hair cortisone (B= -2.17, 95% CI: -3.48 – -0.86) were associated with smaller 
hippocampal volume in children with behavioral problems, whereas such association was not 
shown in children without behavioral problems (cortisol: B: 0.10, 95% CI: -0.13 – 0.33; 
cortisone: B: 0.22, 95% CI: -0.12 – 0.56). No evidence was observed for an association of 
hair cortisol or cortisone concentration with cortical thickness or gyrification.  
The vertex-wise analyses did not show any associations of hair cortisol and cortisone 
concentrations with brain morphometric measures after correction for multiple testing.
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6 DISCUSSION 
6.1 FINDINGS AND IMPLICATIONS 
6.1.1 Parental cancer and children’s physical health 
This thesis first provides new evidence about the physical health of children impacted by 
parental cancer. Overall, parental cancer after birth was associated with a higher risk of 
injury, particularly among boys. Similarly, a higher risk of low physical fitness was observed 
among boys when entering adulthood. Reassuring, the increased risk of injury declined to 
null after three years following the cancer diagnosis; however, the impaired physical fitness 
persisted until early adulthood and became more pronounced after the death of the ill parent.  
There are several possible explanations for these results. The higher risk of injury may 
primarily be attributable to lack of parental supervision caused by the immediate “crisis” of 
the cancer diagnosis, in addition to psychological distress experienced by the children (133, 
134). The occurrence of injury raised the possibility that parents may associate their 
children’s impaired well-being with their illness and affected parenting, so that they sought 
support to better protect their children. However, physical fitness was still compromised. 
Given that child’s physical activity level was positively correlated with parent’s physical 
activity level (135), low physical fitness could be related to the reduced daily activity of the 
parent with cancer and the caregiving spouse. Moreover, adverse life events have been 
associated with less healthy behaviors such as increased television watching, and increased 
smoking and alcohol use, which may also lead to decreased physical fitness (136, 137). The 
long-term physical health consequences of childhood experience of parental cancer deserve 
further careful investigation.  
6.1.2 Parental cancer and children’s mental health 
With novel evidence from use of prescribed psychiatric medication, this thesis confirms the 
association between parental cancer and a higher risk of psychiatric disorder among children 
(30). Two recent Nordic cohort studies investigated the association between parental cancer 
and hospital-based psychiatric disorder diagnosis (30, 55). In accordance with the Finnish 
study based on a birth cohort of 59,476 children, our data consisted of a larger population 
(N=1,114,729) and showed that the affected girls were more likely to have a psychiatric 
disorder than boys. The Danish study showed no overall risk of psychiatric disorder in 
children exposed to parents with cancer, which may however be due to the inclusion of 
psychiatric disorders diagnosed only before 15 years of age (55).  
Children affected by parental cancer were at a higher risk of stress reaction and adjustment 
disorders. Additionally, our findings corroborate the hypothesis that parental cancer as an 
early adversity contributed to the vulnerability to maladaptive response to future stress (138). 
The alterations in the stress mechanisms may also lead to a higher susceptibility to 
psychiatric disorders in individuals that have experienced childhood adversities (139). 
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6.1.3 Psychological stress, brain and cognitive ability 
Stress can cause detrimental effect on the brain regions that subserve the high order cognitive 
abilities, such as hippocampus and prefrontal cortex (140, 141). In this thesis, no evidence 
was found connecting parental cancer diagnosis to impaired intellectual performance. 
However, a poor prognosis and the eventual loss of the parent of cancer entailed an increased 
risk of low intellectual performance. This result substantiates that brain regions responsible 
for high order cognitive abilities and feature long phases of postnatal development are more 
susceptible to severer stressors (142). Hippocampus is the central processing region for 
learning and memory (140). Hippocampus also regulates the HPA axis activity as it contains 
a high concentration of glucocorticoid receptors (143). A long-term consequence of 
childhood adversity, such as parental cancer, was higher susceptibility to psychiatric 
problems (75). Such chronic stress or prolonged glucocorticoids exposure can impair the 
hippocampus by producing dendritic retraction, which corresponds to hippocampus-
dependent cognitive abilities (144, 145). Elevations in glucocorticoids associated with 
psychological stress may also affect emotion processing in regulating behaviors by actions on 
different brain regions, particularly hippocampus (146). The interrelationship and the 
underlying mechanism of early adversity, HPA axis activity, brain development, and 
cognitive and mental health is an important issue for future research, and longitudinal studies 
with comprehensive measurements need to be undertaken.  
6.1.4 Sex and age difference 
Being aware of what to expect after a parental cancer diagnosis among boys and girls with 
different ages allow parents and physicians to be alert to problems and respond in helpful 
ways. On one hand, we found that the exposed girls had a higher risk of psychiatric disorders 
than the exposed boys, which corroborates the sex difference in children’s psychological 
adjustment to parental cancer (44, 147-149). On the other hand, boys were more likely to 
experience injuries than girls after parental cancer. The sex difference may be due to the 
differential ways that boys and girls respond to psychological stress (134). Girls tend to be 
more socially and emotionally mature than boys of the same age (149). Girls also 
communicate more openly about their problems and concerns with the parents (60), whereas 
boys engage in more risk-taking and contact sport resulting in the occurrence of injuries 
(150).  
The previous literature on the age difference in health outcomes affected by parental cancer 
produced mixed results (58, 149, 151). We found no overall age differences in risk of injuries 
and psychiatric disorders. However, the association was more pronounced in adolescents. 
Young children depend more on day-to-day care of the parents, but they may not be mentally 
mature to understand the significance and consequence of parental cancer (29, 152). 
Adolescents are in the phase of developing independence, which may be interrupted by the 
increased burden from taking over responsibility from the ill parents (153). Nevertheless, the 
sex and age difference may just reflect the prominent difference regarding child’s 
developmental trajectory shown in normal population (154). 
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6.1.5 Characteristics of parent and cancer 
Previous studies reported mixed findings regarding the impact by sex of the parent with 
cancer (61, 149, 153, 155, 156). Some findings indicated greater impact by maternal cancer 
as mother was the primary caregiver (51, 60). Other evidence was found that ill fathers might 
experience more psychological stress due to the household income insecurity caused by loss 
of employment status during the course of disease (157). In this thesis, the associations 
between parental cancer and various health outcomes among children were similar for both 
paternal and maternal cancer. Swedish fathers have greater involvement in child-rearing 
thanks to the Swedish parental leave policies, and therefore a smaller gender difference in 
household work and parenting allows children to form equally strong attachment to both 
mother and father (158).  
The time shortly after cancer diagnosis and the time of death is the most critical moment 
during the disease process. In this thesis, the first year after cancer diagnosis showed a strong 
association with childhood injury, and the impact of parental cancer decreased with the lapse 
of time. In contrast, the risk of psychiatric disorder remained constant with time since cancer 
diagnosis of parent and became even more pronounced after the parent deceased. Several 
explanations are plausible. The first year after diagnosis may be so stressful for the parents 
that parenting was compromised when parents were distracted by tackling the diagnosis and 
subsequent treatments (153). We hypothesized that parenting, compared to psychological 
stress experienced by children, largely accounted for the higher risk of injury in the first year. 
This was also supported by the fact that no difference was detected in the risk increment for 
unintentional and intentional injuries. Such time pattern was not shown for psychiatric 
disorder because of the possibilities that the consequences of a severe stressful life event do 
not become noticeable until later (153) and that the development of psychiatric disease is 
time-dependent. Nonetheless, the actual loss of parent through death entailed exceptionally 
adverse effect on children’s mental health (159). 
A poor prognosis does not necessarily relate to the adjustment status of the parent with cancer 
(42). Our findings, however, indicated that a poorer prognosis was associated with a higher 
risk of psychiatric disorder and low stress resilience among children. Having a perception of 
greater seriousness and stressfulness, children may have least ability to tolerate the stress and 
frustrations associated with the parent’s illness, and they may also use more maladaptive 
coping strategies (160). We lacked information about the stage and treatment of cancer, 
which might also be associated with children’s adjustment and well-being (61, 149, 155, 161-
163).  
Apart from the clinical conditions, the adjustment status of the parents to cancer contributed 
remarkably to the well-being of children (58, 151, 162, 164, 165). The occurrence of both 
injury and psychiatric disorder were elevated when the parent was diagnosed with psychiatric 
disorder after the diagnosis of cancer (30). The accumulated problems in parents may 
aggravate both difficulties in parenting and psychological strain for the children.  
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Parents should be helped to balance the attention between the illness as well as treatment and 
parenting of the children, especially when the cancer disease is severe, fatal and comorbid 
with psychiatric diseases. Support for injury prevention should also be targeted during the 
first few years after cancer diagnosis and particularly in transportation areas. 
6.1.6 Prenatal exposure to parental cancer 
When a mother has cancer during pregnancy, fetus might be exposed to not only the biology 
of malignancy and the toxic effects of cancer treatment (166), but also the maternal distress, 
as the cancer brings about severe psychological stress. This thesis provides new evidence for 
the long-term psychiatric outcomes associated with prenatal exposure to cancer of both 
parents. Only paternal but not maternal cancer during pregnancy was associated with a higher 
risk of psychiatric disorder. This might be due to the fact that a paternal cancer leads to a 
more dramatic decline in household income and socio-economic status, which are factors 
associated with mental health, and that the observed association might rather be due to 
postnatal changes (7, 167). Nevertheless, whether such difference was due to chance finding 
needs to be verified in future studies. 
6.1.7 Significance 
According to the Swedish Health Care Act [Swedish: Hälso- och sjukvårdslag (1982:763)] 
(168), when children live with a parent with a serious illness, their need for support and care 
must be taken into account for health care services. In Sweden, cancer is the second leading 
cause of death, and the number of cancer patients that potentially have minor children has 
doubled during the last forty years (31). However, no research has provided a comprehensive 
evaluation of the health of these children. This thesis provides important information about 
children’s physical and mental well-being affected by parental cancer diagnosis using data 
from Swedish national registers. This information stands as strong evidence for concrete 
actions to be taken to support the children and their families. In addition, this thesis explores 
the potential mechanism determining the health consequences of childhood psychological 
stress, combining evidence from solid clinical diagnoses, biological samples and brain 
imaging.  
 
6.2 METHODOLOGICAL CONSIDERATIONS 
6.2.1 Validity 
6.2.1.1 Selection bias 
Selection bias originates from the process of selection of study subjects or from factors that 
affect the study participation (169). Use of Swedish national register data has allowed us to 
eliminate, to a large extent, the potential selection bias, because the national coverages of the 
registers are generally high.  
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In Studies I, II and III, a potential source of selection bias was left truncation (e.g., exclusion 
of children who emigrated before the start of follow-up) or right censoring (e.g., exclusion of 
boys who emigrated before conscription). As no evidence has shown that emigration was 
related to either exposure or outcomes, we believed those that were excluded were a random 
sample of all study subjects and were therefore noninformative.  
In Study IV, non-response and loss to follow-up may lead to selection bias if the association 
between hair cortisol or cortisone concentration and brain morphometric measures differed 
between children who did not participate or lost to follow-up and children included in this 
study. In the follow-up wave at the age of 6 years of the Generation R Study, the brain 
imaging component and hair sample collection were conducted only in sub-populations 
(122). Therefore, selection bias has also likely occurred due to the inclusion restriction in 
children with complete information on both exposures and outcomes.     
6.2.1.2 Information bias 
Information bias, also referred to as misclassification, arises when placing someone in an 
incorrect category due to errors during information collection (169).  
In Studies I, II and III, misclassification of exposure was less likely to occur because the 
diagnosis of cancer in parents were identified from the Swedish Cancer Register, which has 
almost completely covered all incident cancer cases in the country. Potential misclassification 
of outcomes should be noted as only around 80% of clinical diagnoses made by specialists 
were reported to the Patient Register (170). Moreover, diagnostic, translation and coding 
error have been detected in a small proportion of records in the Patient Register (101). 
However, the underreporting and diagnostic coding errors were largely administrative and not 
likely to be related to the study hypotheses of parental cancer. Such misclassification should 
therefore be non-differential. Arguably, medical care seeking for child’s disease might be 
facilitated by the established contact with health care providers among parents with cancer. 
Nonetheless, the opposite could also be put forward that it is less likely to seek medical care 
for mild conditions in children when parents are tackling their severe illnesses.  
6.2.1.3 Confounding 
Confounding is an important issue in observational epidemiological studies. It implies that 
the effect of the exposure on the outcome is mixed by the effect of another factor, i.e., 
confounder (169).  
In the analyses of Studies I, II and III, we took into account of a couple of variables including 
age or birth year, sex, birth characteristics, number of siblings of the children as well as age, 
educational level and socio-economic status of the parents. However, residual confounding 
due to unmeasured confounders cannot be excluded. For instance, information on 
cohabitation of the parents may be of great importance. Cancer risk might differ among 
people with different marital status, and the risk of different health outcomes in children 
might differ by parental marital status. Parental separation or divorce may further impose a 
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negative impact on children’s well-being because of altered family routines, resulting from 
the departure of one parent from daily life or a joint custody arrangement with both parents 
(75). Further work is required to assess the potential effect of residential status of the family 
members and the cohabitation of the parents on the studied associations. Previous studies 
have shown, although not conclusive, common genetic determinants of some cancers and 
autism (171). If such genetic connection is also present for other psychiatric disorders, our 
results in Study II may have been confounded by shared genetic factors. 
6.2.2 Precision 
The aim of epidemiological studies is to obtain a valid and precise estimate of the association 
between exposure and outcome (169). An estimate with small random error may be described 
as precise. One source of random error arises from the within-person fluctuation in the 
technical measurement, such as variation in cortisol assessment and brain imaging in Study 
IV. We addressed that by a series of procedures such as excluding outliers of cortisol and 
cortisone and images of poor quality. Another type of random error is sampling error during 
the process of selecting study subjects. In this thesis, the possibility of sampling error has 
largely been ruled out by using population-based design. Precision of estimation is reduced 
when the sample size is small. For example, the small number of children exposed to prenatal 
maternal cancer might have hindered us from concluding based on the wide 95% confidence 
intervals. 
 
6.3 ETHICAL CONSIDERATIONS 
The studies included in this thesis cover data collected from two different data sources – 
Swedish national registers and the Generation R Study in Rotterdam, the Netherlands, which 
involved different ethical considerations for the conduct of research. 
According to the current Swedish regulation, informed consent is not required for use of data 
from the national registers with research purposes. However, the research aims and protocols 
must be reviewed by an ethical review board (172). Only when an ethical approval is granted 
can one initiate the project. To prevent one from tracking the identity of participating 
subjects, the individual personal identity numbers of the register data is replaced by unique 
serial numbers before delivered to researchers. In this thesis, Studies I, II and III used the 
Swedish national register data and have been approved by the Central Ethical Review Board 
in Stockholm, Sweden.  
The Generation R Study is a population-based cohort including research on identifiable 
human data and materials. It has been conducted in accordance with ethical principles for 
medical research involving human subjects stated in the Declaration of Helsinki. The 
Generation R Study has undertaken several strategies to protect the participants’ health and 
rights. A letter with information about the research was sent to the potential participants 
with a general leaflet on brain imaging. Research aim, importance of participation, and the 
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non-invasiveness and safety of MRI exams were clearly stated. After a week, the parents 
were contacted via phone by an employee of the Generation R Study for availability for 
their children. If they wanted to participate, an appointment confirmation with further 
information about the study will be sent as well as the informed consent. Although no 
evidence has shown that the brain imaging is leading to anxiety problems, some children 
may feel scared. A mock session was performed to help ease their fears. But if one 
remained anxious, the examination was stopped. Moreover, according to the principles of 
the code of conduct for resistance in minors participating in medical scientific research 
stated by the Dutch Society of Pediatrics, the children can withdraw from the study 
anytime. All data collected from the participants were anonymously processed. Study IV has 
been approved by the Medical Ethics Committee of the Erasmus University Medical Center, 
Rotterdam. Parents of all participating children provided written informed consent. 
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7 CONCLUSIONS 
 Parental cancer after birth is associated with a higher risk of childhood injury, 
particularly during the first year after cancer diagnosis and when the parent has a 
comorbid psychiatric illness after cancer diagnosis. The risk increment declines 
during the second and third years after cancer diagnosis and becomes null afterwards. 
 Paternal cancer during pregnancy appears to be associated with a higher risk of 
psychiatric disorder, particularly among girls. Such association is not observed for 
maternal cancer during pregnancy.  
 Parental cancer after birth is associated with a higher risk of clinical diagnoses of 
psychiatric disorders and use of prescribed psychiatric medications. Parental cancer 
after birth is also associated with a higher risk of low stress resilience and low 
physical fitness in young adult men. These associations are most pronounced for 
parental cancer with poor expected survival and for parental death after cancer 
diagnosis. 
 Boys with a parent that has poor expected survival for cancer or deceases after the 
diagnosis of cancer have a higher risk of low intellectual performance than boys 
without such experience. 
 Hair cortisol and cortisone concentrations are positively associated with cortical 
surface area in the parietal lobe in young children. Hair cortisol and cortisone 
concentrations are inversely associated with hippocampal volume among young 
children with behavioral problems. No association remains significant however after 




8 FUTURE PERSPECTIVES 
8.1 FOR RESEARCH ON CHILDREN WITH PARENTAL CANCER 
Although some children with parental cancer have mental and physical complaints, the 
majority stay healthy. This raises an interesting question about what have made them react 
differently, i.e., healthy or even healthier as compared to being less healthy. Previous 
studies have suggested that children may experience positive changes after the occurrence 
of parental cancer, such as increased self-respect, personal growth and appreciation for life 
(153, 173). Additional studies will be needed to identify the determinants for such 
“Posttraumatic Growth” in children with parental cancer in a wider context (174), which may 
further guide the child-focused psychosocial intervention in the family. 
8.2 FOR RESEARCH ON PSYCHOLOGICAL STRESS AND CHILDREN’S 
HEALTH 
A cancer diagnosis in a parent is a severe stressful life event. We should note that other life 
threatening diseases in parents may also yield remarkable psychological strain in the children. 
This is an important issue for future research that identifies the high-risk child population 
who has significant physical and mental morbidity and who most benefits from medical and 
social support. 
We still have a long way to go before we can completely define the mechanisms underlying 
psychological stress, health and development of children. To get closer to the truth, we can 
initiate large-scale studies based on register data, where longitudinally collected information 
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